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DETECTION OF BIOMOLECULES 



FIELD OF THE INVENTION 

The present invention concerns a method and kit for the detection 
of the p re sence of catalytically active ribozymes in a medium. The method 
and kit of the invention may be useful within the framework of a method 
5 and kit for the detection of the presence of specific biomolecules in a test 
sample. 



BACKGROUND OF THE INVENTION 

Detection of the presence of specific biomolecules, such as DNA 

10 or RNA sequences, proteins, antigens, antibodies, etc., in a sample is 
required for a variety of experimental, diagnostic and therapeutic purposes. 
A multitude of assays are available for detecting proteinaceous biomolecules 
such as gel electrophoretogram, HPLC, affinity chromatography, as well a6 
other assays which are performed by use of an appropriately labelled probe. 

15 While such assays are satisfactory where the proteinaceous biomolecule to 
be detected is present in sufficiently large quantities, they are at times not 
sensitive enough to allow detection of minute quantities of biomolecules. 
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DNAoxRNAscqucBC^canbcdelcctcdbythcuscofal^ 
p^bc. Where the DNA or RNA sequences to be detected present in only 
very small amounts, they have to be amplified by methods such as LOR 
Oig^e chain reaction). SSR (self-sustained sequence replication) or PGR 

5 (polymerise chain-reaction). 

Although amplification methods such as FCR have had an 
c^ely high nnpact on basic research, they have o^ 
^tion to the clinical setting. The primary reason for this is thai ;the 
^nmernent for automation combined with the clinical environment of the 
10 .ample*, have yielded process that ar. complex, alow and «^J*« 
need for protein enzymes wim their Ugh sensitive 
^eee.rit^e, . very controlled environment in which they are to ope»te. 
Typically, a clinical »mplc contains nmy cornponcnts th* c^ 
wimtbeenzyn^abimytoperf^^^ m addition^* 

15 .undard methods that are used for sanmlepr^ 

i^ucbas Gnanidine thiocyanate or Phenol e*r**on are unsuitable for 
protein based enzymatic activity and it is therefore necessary to remove the 
target nucleic acid from sample preparation. 

Riborymes are typically RNA molecules having eiizyme-lite 
20 catalytic activities that are usually of cleavage, splicing or ligation of nuctoc 
.ad sequence.. The known substrates for riborymes are IIN A molecule, 
^gh there r^e been aorr* indicate 

molecule, and on proteins. 

Nataral ribozyme. which participate in intraceUular reaction work 
V m cis. catalyzing only a .ingle turnover, and are usually self-mochfied 
during therefor, However, riboryme. «» be engineered 
i» . truly catalytic m^. wim a tunu^ gre^ one and wrthout 
being self^modrfied. Two distinct regions c« be identified » a nbozyme. 
the binding region which gives the ribozyme its specificity through 



WO 96/27026 



PCI7US96/D2380 



-3 - 

hybridization to a: specific nucleic acid sequence (and possibly also to 
specific proteins), and a catalytic region which gives the ribozyme the 
activity of cleavage, ligation or splicing. Each class of ribozymes cleaves 
a different sequence of nucleotides using a distinct mechanism of action. 
5 Each class is further distinguished by the number of nucleotide bases that 
are essential for its catalytic activity and by the degree of the specificity of 
the ribozyme and the target sequence (Robert H. Simons, Annual Review 
of Biochemistry, SL pp. 641-671. (1992)). 

It has recently been proposed to use ribozymes in order to treat 
10 diseases or genetic disorders by cleaving a target RNA, such as viral RNA 
or messenger RNA transcribed from genes that should be turned off. This 
method is proposed as an alternative to blockage of the RNA transcript by 
the use of antisense sequences. Owing to the catalytic nature of the 
ribozyme. a single ribozyme molecule cleaves many molecules of target 
15 RNA and therefore therapeutical activity is achieved in relatively lower 
concentrations than those required in an antisense treatment (WO 96723569). 

The use of ribozymes for diagnostic purposes has been only 
semomly mentioned. WO 94/13833 describes a method for detecting 
nucleic add molecules in a solution by tailoring a specific ribozyme 
20 molenilft having two regions, one complementary to the nucleic add 
trgnfi KT to be detected, and the other complementary to a co-target 
molecule bearing a detectable label. The ribozyme is able to specifically 
and reversibly bind both a selected target nucleic acid sequence and to the 
labelled co-target. When both the target and the co-target are bound, the 
25 ribozyme undergoes a conformational change which renders it active and 
able to cleave the label off the co-target, and the free label can then be 
detected. Upon cleavage of the co-target, the ribozyme is able to re- 
asaodate with an additional co-target, cleaving more label and producing 
more detectable signals. 
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Although the inventors of WO 94/13833 termed their invention 
"amplification of signal* there is actually no amplification in the number 
of ribozyrnes produced, but rather the reaction is purely an enzymatic 
reaction, wherein the catalytic subatance (in this case the ribozyme) cleaves 
5 the substrate (in this caac the co-target) and then disassociate and cleave 
another substrate. There is no true amplification of the number of active 
ribozyrnes involved in the reaction occurs. 

GLOSSARY 

10 Below is a glossary of terms which are used in the following 

description and claims. However, this glossary ahould not be considered 
separately and for full comprehension of the various terms and the meaning 
in which these terms have in the context of the invention, the glossary 
should be read in conjunction with the remainder of the disclosure herein. 

15 

Ribozyme - a nucleic acid molecule which possesses an enzyme-like 
catalytic acsvhy. The term "riboxymt" as used in the art generally refers 
to RNA molecules having a catalytic activity although in the context of the 
preaent invention this term is used to denote a catalytically active (enzyme- 

20 like) oligonucleotide in general The ribozyme of the invention may thus 
be an RNA mokcute, may be an oligonucleotide comprising dNTPs or 
c omp os ed completely of dNTPs and may also comprise a variety of mm- 
naturally ^muring nucleotides such as IsoG or IsoC 5'-0-(l-tiw>- 
triphosphate) nuckosites and 5-0-methyl nucleotides. The ribozyme which 

25 may be used in accordance with the present invention may be comprised 
exclusively of nucleic acids as described above or may require a co-factor 
for their catalytic activity. The ribozyrnes may have a catalytic activity erf 
cleavage* ligation, splicing or spltcing-out (removal) of oligonucleotide 
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acquence, addition of groups to oligonucleotides, rearrangement of nucleic 
acid s e qu e nces, etc. 

Assayed biomolecult - a molecule the presence of which in the test sample 
5 is to be detected. It can be an oligonucleotide or a member of a recognition 
pair such as rcceptor/Ugand, antibody/antigen, lectin/glycoprotein, etc. 

Initiation ribozyme - The ribozyme which initiates the reaction where 
more ribozymes are produced, eventually leading to the generation of a 

10 detectable label. Where the method of the invention is used to delect 
bmmotecules. the initiation ribozyme is part of the detection system (see 
below), and serves as a reporter for the presence of the assayed Womoleciih^ 
since only in the presence of said assayed btoirolei^ h to other generated 
or it becomes catalyticaUy active. The presence of an active initiation 

15 ribozyme activates the catalytic system (see below). 

Detection system - the combination of molecules and reagents that enable 
the production or activation of a catalyticelly active initiation ribozyme, 
which serves as a reporter for the presence of the assayed biomotecules in 

20 the test sample. In other words, in the presence of the assayed 
biomoleculcs, following a reaction or a cascade of reactions, a catalyticaUy 
active initiation ribozyme is eventually generated. The presence of the 
initiation ribozyme is verified in the catalytic system (see below) where it 
brings to the generation of more active ribozymes in an ampHficatory 

25 manner (the ribozymes themselves or a product of their catalytic activity, 
e.g. B tree label is then detected at the final stage of the assay). 

Inactive ribozyme - a potentially catalyticaUy active ribozyme which 
cannot exert its catalytic activity (cleavage, splicing, ligation, etc.) until it 
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has been modified, or until the conditions in the medium have not been 
unaided to such in which it becomes active. 

Activation - rendering an inactive ribozyme catalytically active by some 
5 kind of catalytic action (cleavage, splicing, ligation, addition of groups, 
rearrangement), or by change of external conditions (such as addition of 
magnesium ions). 

Inhibitory moiety - a moiety which may at times be present in the second 
10 complex molecule (see below) and which when present renders the 
initiation ribozyme inactive. The mhibiiory effect of the inhibitory moiety 
can be ttmm«— by its modifintion or removal from the complex 
molecule. 

15 Complex molecule - a molecule which forms part of the detection system 
in accordance with an embodiment of the invention referred to herein as the 
"activation embodiment". In one mode of carrying out the activation 
embodiment, a "first complex molecule" is being used, which comprises an 
initiation ribozyme which is a priori, catalytically inactive (for example, due 
20 to lack of mr r—**™ ions in the medium) linked to a sequence capable of 
bang cleaved by an active initiation ribozyme and comprising in addition 
m recognition biomotecule (see below). In another mode of carrying out 
the activation embodiment, a "second complex molecule' is being used, 
which comprises an initiation ribozyme which is a priori, catalytically 
25 inactive and is linked to » sequence capable of being cleaved by an active 
initiation ribozyme and comprising in addition a recognition bwmolecule 
(see below). The second complex molecule further comprises an inhibitory 
moiety. 
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JUcognitioo WomWecole - a molecule capable of specifically recognizing 
and binding to the assayed biomolecule. Where the assayed biomolecule is 
an oligonucleotide sequence, the recognition biomolecule is the complemen- 
ts sequence. Where the assayed biomolecule is a member of a recognition 
pair (such as antigen-antibody) the recognition biomolecule is the other 
member of the pair. 

First oUgonuckotkle - an oligonucleotide, typically a DNA molecule, 
which comprises from 3' -5': a double-stranded functional promoter, a 
single-stranded sequence that codes for a sequence complementary to the 
sequence of the initiation riborymes. a single-rtranded sequence identical 
(with the necessary U-T replacements) with an RNA sequence capable of 
being cleaved by a catalynealry active initiation riboxyme, and a shtgle- 
atranded sequence complementary to the 5'-part of the oligonucleotide 
15 sequence to be de l e ct ed. 



10 



Second ottgoMtteotfde - an oligonucleotide, typically a DNA molecule, 
which comprises from 3'-5': a single-stranded 3'- part corm>lcmentary 
to the oligonucleotide sequence to be detected, and a triggering oUgorm- 
20 eleotide template (see below). 

Triggering oHgonnctrotirte temptarr - an oligonucleotide sequence which 
is pan of the second oligonucleotide, the transcription product of which is 
capable of hybridizing with the back pronator construct (see below). 

25 

Triggering oligonucleotide sequence - the transcriptional product of the 
triggering oligonucleotide template, capable of hybridizing whh the boc* 
promoter construct (see below) and after the back promotor has been 
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dieted, can bring to transcription of an oligonucleotide sequence to 
which it is attached. 

No»-te»pW* strand oUgonudeotWe - the transcrhrfon product of the 
5 oligonucleotide hybrid obuuned by hybridization of the assayed nucleic add 
.coueace, the fir* ohgonudeolide and the second oUgonudeotide, and which 
coinpmea from 3'-5': a triggering oligonucleotide sequence, a sequence 
complementary to the assayed biomoleaile. a sequence 
sequence which can be cleaved by the initiation ribozyme. and a sequence 
10 complementary to the initiation ribozyme. 

Bade pr«»otor construct - a smgle-atranded piomotor sequence attached 
to a air^-ttanded sequence cap** of hybridizing with the triggering 
ofigoniictartide sequence. After hybridization with the triggering oligonu- 
cleotide sequence, and upon action of a suitable DNA polymerase, a 
fta^tfonal double-stranded promotor is created, which in the presence of a 
tnmscription system (see below) is capable of ptodudng the final 
oligonucleotide transcript (sec below). 



15 



20 



ftanl uHm»niHliotWr transcript - the tmiscriptional product of the 
oUgonuckoodc hybrids obtained following hybridization of the back 
promotor construct, non-ternpUue sW oUgonudeotide (after the promotor 
h» been completed by a suitable DNA polymerase to a double-etr«nded 
function* promos), and comprise, from 5 '-3': an initiation ribozyme 
25 sequence, a sequence capable of being cleaved by said imtrarion nbozyme. 
a sequence that codes for the complement of the detected sem 
stayed biomolecule, and a sequence that codes for the complement of the 
triggering oligonucleotide templetc. The initiation ribozyme in said final 
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oligonucleotide transcript can cleave its adjacent sequence thus freeing itself 
and yielding a free, fully active initiation ribozyme. 

Third oligonucleotide sequence - a nucleic acid sequence complementary 
5 to the 5 '-part of the sequence to be detected in the assayed biomoJccule. 

Third composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention, and which comprises the third oligonucleotide 
sequence linked to part of the initiation ribozyme. It optionally also 
10 comprises a sequence cleavable by an active initiation ribozyme. 

Fourth oligonucleotide sequence - an oligonucleotide sequence comple- 
mentary to the 3'-part of the sequence to be detected in the assayed 
biomolccule. 

13 

fourth composite molecule - a molecule used in the "assembly embodi- 
ment" of the invention which comprises the fourth oligonucleotide sequence 
linked to part of Ifac initiation ribozyme required to complete the part present 
in the third composite to obtain a complete catalytically active ribozyme. 
20 It optionally abb comprises a sequence cleavable by an active initiation 
ribozyme. 

Catalytic system - An ensemble of molecules and reaction mixtures which 
in the presence of a catalytically active initiation ribozyme produces a 
25 detectable signal. This ensemble of molecules comprises a combination of 
composite molecules comprising a ribozyme which is a priori inactive. By 
one embodiment, the catalytic system comprises reagents and a combination 
of a first composite molecule and a second composite molecule (see below), 
comprising a first and second ribozyme (inactive), respectively. The first 
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10 



and second ribozymes are a priori inactive and either or both can be 
activated by a catalytically active initiation ribozyme. Active first ribozyme 
may activate inactive second riboryme molecules, and active second 
ribozymes may activate inactive first ribozyme to cause amplification of the 
number of active ribozymes in a positive feedback manner. Alternatively, 
the first and second ribozymes may be immobilized or spatially separated 
from each other and cleavage of one or both by the initiation ribozyme 
causes their release to the medium. Released, free ribozymes can free 
immobilized second ribozymes (for example by cleavage) and free second 
ribozymes can in turn release and free first ribozyme, thus giving rise to self 
amplifying reaction cascade which rapidly yields an amplification in the 
somber of active ribozymes in a positive feedback manner. 

The catalytic system may also comprise in accordance with 
another emboidment, only one species of composite molecules which are 
15 immobilized or spatially separated from each other in the reaction vessel or 
which are a priori inactive. An initiation ribozyme activates the inactive 
ribozyme or releases the ribozyme from the composite molecule and active 
or released ribozymes then act to respectively activate inactive or free 
immobilized other ribozymes, then giving rise to a self amplifying reaction 
20 cascade which rapidly yields an amplfication in the number of active 
ribozymes in a positive feedback manner. 

As a result of ribozyme activation or release, a detectable signal 
is produced which signal is indicative to the presence of the initiation 
ribozyme in the medium. 



25 



First composite molecule - comprises a first ribozyme (see below), 
optionally labelled, linked to second nucleic acid sequence (see below). 
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Second composite molecule - comprises a second ribozyme (see below), 
optionally labelled, linked to a first nucleic acid sequence (see below). 

First nucleic acid sequence - an oligonucleotide sequence which is part of 
5 the second composite molecule and which is a target for the catalytic 
activity of the first ribozyme (see below). Following the catalytic activity 
of the first ribozyme on the first nucleic acid sequence, the second ribozyme 
(see below) is either released into the medium or becomes catalytically 
active. 

10 

Second nucleic acid sequence - an oligonucleotide sequence which is part 
of the first composite molecule and which is a target for the catalytic 
activity of the second ribozyme (see below). Following the catalytic activity 
of the second ribozyme on the second nucleic acid s equen c r . the first 
15 ribozyme (see below) is either released into the medium or becomes 
catalytically active. 

First ribozyme - part of the first composite molecule - is capable of 
cleaving the first nucleic add sequence and is identical in its catalytic 
20 activity to the initiation ribozyme. It is optionally labelled. 

Second ribozynte - part of the second composite molecule - is capable of 
cleaving the second nucleic acid s equ ence and is optionally labelled. 

25 Third ribozyme - a ribozyme which may form part of the catalytic system 
in accordance with another embodiment thereof. The third ribozymes are 
initially inactive. Initiation ribozyme acts to activate the third ribozyme by 
exerting its catalytic activity thereon fin a manner to be explained below) 
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uA the activated ribozyme. «n then act , to activate other tlurd ribozyme. 
in the catalytic aystcm. 

T«».criptlo» ay*** - ensemble of oligonucleotide, nucleotide.. RNA 
polymer** end reagents which, in the presence of an oligonucleotide 
template bring to the tnoucription of an oUgonucleotide transcript 

Foorth riboxyme - a riboxyme which is part of the catalytic system in 
.ceonto whh an embodiment thereof, and which once catalytic^ active 
D Ugate two parts of the fifth ribozyme (see below) to produce a 

cmalyticaUyactrvefirmribozyn*. The fourth ribozyme is «mpoted of at 
hmt two ctmtponenta. wWcb are hmWry «per^ «»d wMch « Mg-ed 
together by the fifm ribozyme (when catnlyticaUy active). Following sach 
ligation, the fourth ribozyme becomes caialytically active. 

Filth riboxyme - a ribozyme which is part of the catalytic system 
compriamg the fourth ribozyme and which once catdytically active can 
lipte together two pert, of the fbnrth ribozyn* to !m3to a «^yt^ 
active fourth ribozyme. THe fifth ribozyme « composed of at lee* two 
20 component., whkh are mhWly«parated and w^ 

the fourth ribozyme. Following such ligation, the fifth ribozyme becomes 
catarytically active. 

Stob rB«y™ - a specific « 
25 inactive ribozyme cerrie. an extra nucleic .cm sequence, and i. actrvrted 
upon cleavage or apllcing-out (U. removal) of this sequence. 
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Sevmth ribozyme - . ribozyme wherein the assayed nucleic add sequence 
complete, a missing portion essential for it. catalytic activity, and thus once 
combined with the assayed sequence it becomes analytically active. 

5 SUMMARY OF THE INVENTION 

The present invention provides a ribozyme-bascd signal- 
unplification method which is relatively simple to perform, is rapid and 
inexpensive. Unlike hitherto available detection-amplification methods, the 
method of the invention is also suitable for a point-of-care (POQ testing. 
10 One advantage of the method of the invention is in that ribozymes 

«re active under conditions found in the clinical environment, e.g. m 
bioligical fluids.. Furthermore, as will be shown further below, the signal- 
mmplificauon method in accordance with the invention docs not require the 
observance of specific conditions in order to ensure specificity (strict 
15 observance of condition, is a must in prior art signal-amplificatkm 
methods). Additionally, ribozymes are functional in various sample 
preparation cocktails, e.g. 1 M Chmnadinc thiocyanate as well as in a 
saturated phenol preparation, which usually inhibits function of other 
dctection—amplifjcation systems. 
20 Ribozymes are composed of nucleic acid sequences and thus assay 

and pxobc sequences can be rncrudc^m Furthcr " 
nmre, it is possible to increase the specificity of the .mpufiemtion process 
by engineering the ribozyme such that part of tte as»yed sequence itself is 
required for the ribozyme to exert its catalytic activity. 
25 a very powerful technique, termed in the art as "in vitro 

evolution" has been successfully applied to ribozymes to produce a 
ribozyme whh various catalytic activities and specificities. By such 
techniques, a vast array of potential ribozymes are weened for activity. 
Those ribozymes that show activity are purified for further rounds of 



WO 96/27026 



FCT/US96/02380 



-14- 



setectkm and after reperted rounds only the most potent «ndid.te. remwi. 
In traditions! amplification techniques, following a choice of the enzyme, the 
environment where the enzyme is to operate, i.e. the sample-comprising 
medium, has to be modified to allow proper activity of the enzyme. In the 
5 case of ribozymes. using in vitro evolution, it is possible to select • 
ribozyme which is highly active in a desired clinical (biological) medium, 
by performing the in vitro evolution in a selection medium which is 
identical in its composition to the clinical sample. 

The present invention provides a sensitive method for the 
10 detection of a catayticaUy active ribozyme (referred to herein as "initiation 
ribozyme*) in a medium. Detection of the presence of a cmtaryticaUy active 
initiation ribozyme may be a goal by itself . although usually the catalyticaDy 
active initiation ribozyme serves as reporter for the presence of other 
biomolecuks in the test sample. Once a medium comprising an active 
15 initiation ribozyme is introduced into a catalytic system in accordance with 
the invention, there results a catalytic reaction cascade which gives rise to 
an exponential amplification in the number of active ribozymes. The 
ctnlytic system comprises ribozymes which are either inactive or spatially 
separated from one another such that they cannot exert their catalytic 
20 activity; the initiation ribozyme frees or activates ribozymes of the catalytic 
system which in rum free or activate respectively, further ribozymes of the 
system. The ribozymes either cany a detectable label or the catalytic 
activity causes generation of a detectable label, which then serves as an 
indication of the catalytic cascade which occurred in the system. 
25 According to embodiments of the present invnetion in which the 

ribozymes are initially immobilized, the presence of free ribozymes in the 
reaction medium may serve as a detectable signal by itself. In accordance 
with another emb<>dwient, each active ribozyme is made to carry or produce 
a detectable label and these then serve as the detectable signal. 
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According to the method of the invention there is very little false 
positive signal, i.e. low noise level; furthermore the method of the invention 
enables the detection of several biomolecules in a single assay system. 

The present invention thus provides a method for detecting the 
5 presence of a catalytically active initiation ribozyme in a medium, compris- 
ing the steps of: 

(•) providing a. catalytic system comprising 

(aa) ribozymes which are a priori catalytically inactive or 
apatially confined such that they cannot exert their catalytic 
10 activity on their target; the target of the ribozymes being other 

ribozymes of the catalytic system, their catalytic activity on such 
other ribozymes causing either: 

(i) activation of inactive ribozymes, 
(U) release of spatially confined ribozymes to allow them 
15 to reach their targets; 

at least some of the ribozymes of the catalytic system being a target of 
the catalytic activity of the initiation ribozyme, the catalytic activity of the 
initiation ribozyme on said some of the ribozymes being that of (f) or (ii) 
above; and comprising 
20 (ab) a detectable label having detectable properties such that the 

catalytic activity of the ribozymes causes a change in the 
detectable properties; 

(b) contacting the medium with said catalytic system; 
25 (c) providing conditions permitting said catalytically active initiation 

ribozyme and catalytically active ribozymes of the catalytic system to exert 
their catalytic activity, whereby the presence of a catalytically active 
initiation ribozyme gives rise to a reaction cascade in which ribozymes of 
the catalytic system are activated or freed into the medium; and 



WO 96/27026 



PCI7US96/02380 



-16- 



(d) detecting said detectable properties, a change in »id properties 
being an indication of the presence of an active initial riboxyme in said 
medium- 

The prime utility of the ribozyme detection method of the 
5 invention. is within the framework of an a*ay designed to detect the 
presence of a biomolecule such as: a specific nucleic acid sequence, a 
member of a binding couple such as antibody-antigen, sugar-lecta. etc. » 
a biological sample. Such an assay may conceptual* be thought of as 
conning two distinct components (although these component, may be 
10 included physical* together m a single rc^on vessel): a detection system 
and a catalytic system, la such an assay, the presence of the assayed 
biomolecule brings to the production 

below, of a cataiytically active initiation ribozyme in the medium. The 
catalyticafly active initUti^ 

15 catalytic system, giving riae. follow^ 

the number of active riboxymes, to the ^paanmce of a detectable Ubel m 
the reaction medium as ger^lly describe m appearance of such 

, detectable label in the medium of the catalytic system thus indicates the 
presence of the assayed biomolecule in the original asuyed biological 

20 sample. 

DETAILED DESCRIPTION OF THE INVENTION 

In accordance with the invention, novel use is made of ribozymes. 
In the most generate* sense, a catalytic system comprisag ribozy^ 
25 used fox the detection of the presence of a catarytically active initiation 
nbozyrne in an assayed medium. Detection of the presence of a cataiytically 
active initiation riboxyme in an aasayed n^hun n»y be a goal by itself, far 
example, in the process of preparation of ribozyme. by in vitro evoluUon. 
In addition, in accordance with . preferred embodiment of the invention, the 
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15 



20 



c^ytidly «*- inhi^ion ribozyme serve, M . reporter for the 9*>~* 
of an »»yed biomolecule (other Uun the initiation ribozyme) in « ««yed 

btologicsl simple. 

The ribozynres used in sccordsitce wWi the invention otsy be 
„n^d entirely of KNA. A. time i,Up<^le.Uo to repl.ee someof 
r*Ll»«*. CVNIft") In the FNA with deoxy .M- 

or «. o»» w»»ny « n»-«»raUy occurring 
such s> IsoO or IsoC 5-^l-thk«riphceph«e) iwcleoefie. »»d 
5^-n^l.udeod*.. S,rchrepUcen^h..ume.de^.f~ex«^ 

» taeseu. .-biB* * «. •-»- • KNA« which « - 
^biotogW^mp^ Whaeto«ffl^^em=^h.n»^««ch 

*»-.«■ mBMB, ° aratte T^ 
nocieotioe, conned endr* of rrm. « ^ 

nude.**-. The riboryme ms, slsobeeatiielyconiposedof DNA CBreto 
The ribozymes oj the Invention ■»•? "-"P"* of " mctoC 

Theeo»-»^ecidmoiet,comph^wahth.ribo^nay^"« 

co-fsctor for the ribtKtyme* cuslytic sctivTly. 

tath.fblk^uKoftte^'Wi*™-^^" » illbem * te - 
Tte oBspmKleotide. msy. depending on the context, be a DNA °* lB *~ 
nncieoad. (ee»*»B entirely of dNTPs) oi • RNA ohgon^ 
(ensuing entirely of rim*). However, specificaHy in the case 
oUgooDCleotktes, it is st times desiied to reptace some of ill of the iNTFs 
with mm «« ottar wm*, «* — *• 
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initiation ribozymc. By "catatyticalty active", it is meant that a ribozymc 
ia capable of canying out a catalytic reaction such as cleavage splicing, 
ligation, addition of specific groups such as phosphate to molecuka, 
rearrangement of nucleic acid sequences and the like* 
5 The catalytic system in accordance with one embodiment for 

carrying out the invention comprises two species of ribozymes which are o 
priori inactive, but become catalytically active as a result of the exertion of 
a catalytic activity thereon. For example, each ribozymc may have a nick 
or break in a portion essential for its activity and prior ligation of this nick 
10 or break is thus required for its activation. The catalytic system in this case 
com prises two species of ribozymes, each species a priori broken into two 
rtwn p ffn p Trts and thus initially inactive. An active ribozymc of one species 
ia capable of Ugating the two components of the second s pecies of ribozymc 
thus rendering it active, and an active ribozyme of the second species of 
15 ribozyme is capable of Ugating the two componenta of the first species of 
ribozymes, thereby rendering it active. Then the activation proceeds by 
an— -ligation in a positive feedback amplificatory manner. 

The first active ribozyme of one species may be produced by the 
initiation ribczyrp* which ia * product of the detection system, in one of two 
20 routes. According to one route, some of the ribozymes of the first species 
are a priori fully assembled but cannot ligate the parts of the second species 
of ribozyme, since they are spatially separated therefiom, for example, as a 
result of being immobilized by means of a porous membrane, etc. Ute 
initiation ribozyme cleaves the molecules of the immobilized folly assembled 
25 first species of ribozyme, and the free first species of ribozyme then ligates 
the second species of ribozymes which can in turn ligate members of the 
first species of the ribozyme which are not, a priori, assembled and so on. 

According to the second route, the initiation ribozyme is itself a 
Ugating ribozyme which ligates from its parts, at least one species of the two 
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ribozyme of the catalytic system, thus initiating the cross-ligatton cascade, 
fa «uch . case there is no need to spatially sepamtc v«ious members of *e 
analytic system since until the initiation ribozyme is introduced to the 
ruction mixture no catalytic process can begin. 
5 Another example are ribozymes which have a redundant sequence 

which render* the •ribozyme inactive and it thus needs to be either cleaved 
ox spliced-out for the ribozyme* actuation. Furfcer example are ribozymes 
which require se<reer~ rearrangement or addition of specific groups fox 
activation. Yet another example are ribozyme, which require reverse exon 
10 splicing. i.e. addition of a sequence internal to the ribozyme. 

One specie, of ribozymes when in the active form, may activate 

inactive tf«*y«ae. of ti^ 

ctarytic properties (ligation, cleavage, splicing, rearrangement, etc) required 
to niodify the other specie, of ribozyr^ 
15 THe two ribozymes may potentially possess the same type of catalytic 
activity (e.g. both are ligating rizoymes or both cleaving ribozymes. etc.) or 
may possess different types of catalytic activities. 

One or both species of the ap/iori inactive ribozymes is activated 
by a catalytically active initiation ribozyme. Prior to mtroduction of the 
20 initiation ribozyme to the medium, the catalytic system is essentially silent 
as nocrtalytic activity takes r*ce. In the presence of such an irutiatKm 
ribozyme, a ribozyme arbitration cascade begins since cachjetrve 
ribozyme generates in turn more active ribozymes in a positive feedback 
tnanne,. Active ribozymes give rise to a signal which can be detected ina 
25 manner as described hereinbelow and such a signal is indicative to the 
presence of the original catalytically active initiation ribozyme in the 
medium* 

The catalytic system in accordance with another embodiment for 
omving out the invention comprises two species of composite molecules. 
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each comprising a ribozyme linked to a deavable nucleic add sequence. 
The ribozyme in one species of composite molecules is capable of cleaving 
the nucleic acid sequence in the other species of composite molecules so that 
cross-cleavage between the two species of composite molecules is. in 
principle, possible, while self-cleavage is avoided. However, prior to 
introduction of the initiation ribozyme to the medium, cross-cleavage does 
not result aince the two species of composite molecule, are constructed ao 
as to prevent mutual interaction between them, wmte deaved ribozyniw 
able to interact with other composite molecules in the test vessel and further 
release rlboxymes to the medium in a positive feedback manner. 

Prevention of mutual interaction can be done, for example, by 
in^c^lizmg e»c± species of com 

test vessels; by linking each species of the cwn!>osite molecule to diffaem 
beads or different colloid particles having properties, eg. size or other 

15 property e.g. the same electric charge (which repels the beads from mie 
another) which prevent, any kind of interaction between molecules attached 
to one with molecules attached to another, by linking the composite 
molecules to moieties having the same electric charge, so that the electr^ 
rejection between said moieties wDl 

20 composite molecules; by placing each species of composite moteculea at 
opposite aides of a porous membrane which does not allow permeation 
therethrough of the full composite molecule, but allows free passage of 

cleaved ribozyme. 

Acatalytically active initiation ribozyme, either present in the test 
25 medium a priori, or produced as a result of the presence of another 
bioaolecule in a biological sample (such a ribozyme being in this case) ("a 
reporter ribozyme") is able to deave a spedfic nucleic acid present in one 
or both spede. of composite molecules thus freeing the ribozymes of the 
catalytic system. The deaved ribozymes are able to interact freely in the 
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reaction vessel with the ribozymes from the other species of composite 
molecules, which in turn, can again cleave the riborymes from the first 
^escTconi^site molecules, thusaertinga "ping-pong" cross-cleavage 
of ribozymes. Such cross-cleavage of ribozymes acta in a positive feedback 
manner, catmng substantial amplification of the reaction. Ether or both 
.pedes of ribozymes typically bears detectable labels. Tbc detecnon of 
cleaved labels, indicates the presence of the catalytically active initiation 
ribozyme in the reaction mixture. Where the initiation ribozyme is a 
reporter ribozyme, detection of a free label indicates the presence of an 
assayed biomolecule in the reaction mixture. 

The catalytic system may comprise, in accordance with other 
embodiment, only one species of inactive ribozymes or one species of 
composite molecules comprising a ribozyme and a nucleic acid semawce 
dcaved by the ribozyme when converted into a free or active form. In an 
15 «n^gouairmmcr to that described abo^fo^ 

single molecule of the ribozyme is inactive until the catalytically active 
initiation ribozyme is mtrob^ to the medmm: to 
nmlecuk is in the form of a dosed^iicte 

or spBcing-out of a stretch of nucleotides, by a catalytically active initiation 
20 ribozyme. Activated (open) ribozyme. then open and activate other such 
closed-circle molecules of the catalytic system. 

» „ analogous manner to that described above for the safcl 
another above second embodiment, each single species of the coinposite 
molecule may comprise a ribozyme positioned in an orientation which 
25 prevents self-cleavage of the adjacent deavable nucleic acid sequence, for 
example, by placing the sequence irnmediately adjacent to the ribozyme. 
Tlxe tact that there are iwmtervenm^ 

the deavable sequence stearically inhibits the ds cleavage. (The deavable 
sequence may also have an hrversed orientation, and as cleavage will thus 
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not be possible). However. released ribozyme may approach the nucleic 
acid sequence in • correct orientation, and cleave it, thereby releasing mote 
ribozynics to me medium. In order to prevent spontaneous was cteevege 
of non-released ribozymes, ft is possible to ensure spatial separation 

similarly as indicated above. 

Detection of the presence of activated riborymes in the catalytic 
ayrtem may take various forms depending on the type of catalytic activity 
of the ribozyme- Where, for example, the activity is cleavage or spliced out, 
alabelnuybelmluritotfaeparttobed^ 

of such freed label is then an indication of the presence of the catalytic** 

active initiation ribozyme in the medium. 

m some cases the activation of the ribozyme brings to a change 
in the distance between two regions of the ribozyme, such as where two 
distant regions are brought together by ligati^ 
15 out of an interfering region, or wherein two initially adjacent regions are 
separated for example by opening of a closed circle. In such case it is 
possible to attach a fluorescent marker cm one region of the ribozyme and 
a moiety, such as Itodaminc which quenches the light «nission from the 
fhuoeacent marker on the other region of the ribozyme- Rodainine has a 
20 ««enclimge«e«ontte 

are adjacent and no such effect when the two are separated. Byrnonitoring 
the change in light emission of the fluorescent label, it is possible to 
determine whether the two regions are adjacent (for example in the case of 
a doecd-oicle inactive ribozyme) or separated (when the ribozyinc has been 

25 opened and activated). 

The label may also be carried on a substrate which is not 

associated with the ribozyme and on which the catalyticel* 

may exert its catalytic activity. For example, the label may be carried on 

a nucleic add sequence, which is cleaved or spliced-out as a result of a 
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ribozyme's activity, whereby the label is released to the medium. The 
detection will in such a cue be based on the presence of a free label in the 
medium. 

The "ping-pong" cross activation, whether by cross-cleavage, 
5 cross-Ugation. cross-splicing, cross rearrangement or alternating cycles of 
variow catalytic actions, substantially amplifies the reaction resulting in a 
signal that indicating in a short time whether the initiation catalytically 
.ctrveribozymc was presents While prior art amplification- 

deteoion methods such as PCR or LCR require several hours to be 
10 complete, the amplification-detection method of the invention is completed 

in a much shorter time period. 

Where the catalytically active initiation ribozyme serves as a 
reporter ribozyme for the presence of other btomolecolea, a detect^ 
is required in which s catalytically active initiation ribozyme is generated 
15 only in the presence of the assayed biomolecule. This may be performed m 
one of the following embodiments, referred to herein as the -activation 
embodiment', the -transcription embodiment'', the "asembly embodi- 
ment*, and the "completion embodiment''. 

According to the activation embodiment, the initiation (reporter) 
20 ribozyme iso^rtort inactive. This inactivity may beaiesultof theabsence 
of atagnesium ions, which are required for the ribzoyme* cataly^ 
from the medium; it may be a result of the presence of an inhibitory moiety 
in the medium; it may be a result of the presence in the medium of an 
oligonucleotide which hybridizes to sequence which is to be cleaved to 
25 either activate or free the ribozyme into the system, which cleavage is not 
possible as long as the sequence is oouble-stranded; etc According to this 
embodiment, the ribozyme is linked to a recognition biomolecule which is 
capable of specifically recognizing and binding to the biomolecule which is 
to be assayed in the sample. For example, where the assayed biomoteude 
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mcrtary sequel, where the assayed biomolecule 

ignition biomolecule may be a substrate, where the assay 
rrUen. the recognition biomolecule may be . wiuch 
5 .pecificaUy interacts with the antigen; etc ^^^^ 

» m. •» *. «r" «— — ■ - " bo,,,,d "^T" /!! £ 

. ^i,^™. tic complex of boiuid ribozyme. and 

basis of sac difference wwcwi r ...... 

,0 —y* blomotoO- „>d tb« of br. ribo^mc; by. a,~n. i-"**"* 

». ribozyme, for ex.rn.-e. b, .dofcon of..*** 
bv o. ien»ov«M, *e ttfti-V -*V » »p • -*« 

•ttuxtec demote .equence, etc- Only .1 >M «»J~ 

wbW. «. b— *— - «"-*• - 

20 wbe.^u^b^^^.^^-^^^ 

^ „ «. .mm- * — - «— * " 

M» Apohcoc NO.. 105894 «d 1H857 (»d <M> e».«P«< KT 
^2. NO. . WO ^1- 

S --ZTL m 6* 

Jcl con.pme. ups^m ta. *c comp.e*=»»r, . *e 
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assayed biomolecute, a functional promoter, a sequence that codes for an 
initiation ribozyme sequence and a sequence that is capable of being cleaved 
by said detecting ribozyme (also essentially a DNA sequence). The second 
oligonucleotide molecule comprises, downstream from the complementary 
3'- put of the assayed sequence, a triggering oligonucleotide template, the 
tianscriptianal product of which is capable of triggering transcription of 
sequences of initiation ribozymes as will be explained in detail hereinafter. 

If the assayed biomoleculc is not present in the test sample, then 
the triggering oligonucleotide sequence is not transcribed, since only 
presence of the assayed biomolecule brings together the two molecules 
required to product the appropriate template of said triggering oUgonudeo- 
tide sequence: namely the first oligonucleotide molecule carrying the 
functional promoter and the second oligonucleotide molecule carrying the 
triggering oUgonucieoude template. If the assayed biomotecules are present. 
15 and in the presence of transcription system, the triggering sequence is 
produced and in turn is able to bring about production of u^nacripta 
m.t.km; initiation ribozyme linked to a sequence capable of being cleaved 
thereby. After self-cleavage, these transcripts release to the medium 
catalytically active initiation ribozyme. 
20 According to the assembly embodiment of the invention, also 

appropriate in cases where the assayed biomolecule is a nucleic acid 
sequence, the detection system comprises a third oligonucleotide, comprisiiig 
a sequence comptenwitary to the 5'- portion of the assayed nucleic add 
irtprrmT, and a fourthcr oligonucleotide com p rising a sequence comptemen- 
25 tary to the remaining, 3'- portion of the assayed nucleic acid sequence. 
Each of these oligonucleotides comprises also one portion (for example, 
half) of a ribozyme and both pans together constitute a full, functionally 
active ribozyme. In accordance with this rabodimeiit, the function of the 
assayed nuddc acid sequence is to bring these two oligonucleotides 
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together, thus yielding a functionally active initiation ribozyme. Thus, in the 
presence of in assayed nucleic acid sequence in the simple, the functional 
totUtion ribozyme will be generated which could then be detected in the 

catalytic system of the invention. 

in accordance with the completion embodiment of the invention, 
the detection system comprises a seventh oligonucleotide and the assayed 
sequence, complexes with the seventh oligonucleotide to yield a catalytically 
active initiation ribozyme. For example, the assayed sequence may form 
part of the catalytic core of the ribozyme. Thus, in accordance with this 
embodiment, the ribozyme is a priori incomplete, and only in the presence 
of the assayed sequence it becomes a complete, catalytically active ribozyme 
which may then be detected in the catalytic system. 

The assayed sequence may complete me ribozyme by hybridizing 
at its 3'-end to a sequence on one side of the ribozyme's missing portion, 
15 and by hybridizing at its 5'-end to a sequence on the other aid e of th e 
ribozyme's missing portion, thus bridging the missing portion and creating 

a functional initiation ribozyme. 

The assayed sequence may also be able to complete the 
ribozyme's missing portion by "reverse exon spUcitig \ wherein the assayed 
20 sentence is inserted into the 

reactions. Sam "reverse exon sptidng" may be carried out by other 
ribozymes pacacnt in the medium. 

In order to decrease the "noise" level of the method of the 
invention and decrease false positive results, it is possible to combine two 
25 w more embodiments of the mvention toooubly eiisurethatw ^ 

active initiation ribozymes are produced in the absence of assayed 
biomolecuka. For example, it is possible to combine the assembly and 
activation embodiments of the mventfan, whereby catalytically active 
nTwzynxswffl be generated OTryasBxesuK of two 
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assembly of a full ribozyme from its two parts in a magnesium-less mixture, 
and after washing away free incomplete ribozymes, activating of the full 
ribozyme by addition of magnesium ions. 

The ribozymes used in most embodiments of the detection system 
of the invention axe in most cases universal. i.e. the same ribozyme can be 
used to detect different assayed biomolecules since the specificity is acquired 
by the attached recognition biomotecule (in the activation embodiment), or 
by the first and second oligonucleotide molecules (in the transcription 
embodiment) or by third and fourth oligonucleotide sequences (in the 
assembly embodiment). The fifth oligonucleotide in the case of the 
completion embodiment of the invention has to be tailor made for each 
specific nucleic acid to be assayed, since the sequence recognizing the 
assayed snrnro n ? is part of the ribozyme itself. 

The present invention also provides reagents required for carrying 
out the above method as well as a kit comprising said reagents. 

In the following the invention will be described with reference to 
some non-limiting drawings and examples: 

In the drawings various symbols are used which in the context of 
the present invention have the following meanings: 

Straight line ( ) - DN A strand 

Wavy foe ( ) - RN A strand 

AAC» etc ~ - sequences in the coding strand of a 

DNA 

A'*B',C, etc. - - sequences in the complementary 

non-coding DNA strand 
ajbtc, etc- - * NA sequences 

•%b'c\ etc - RNA sequences complementary to 

a,b,c 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fta. x ^ an embodiment of the catalytic system of the invention 

2(.) «d 2(b) show a cstnlytic sytfem in accordance wUh « 

ea.bodirneatofthem^ 
^bycro^-deav^orcroas^^ 

the form of a closed circle (Fig. 2(.)); wherein the rfcoxyme requires 

dicing for becoming active (Fig- 2(b)); . 

Fig. various m«mer. m which compete molecules can be 

.eparated from one another, by irnrnobltotion to distinct sites of the 

moieties <3Q; md by placing each species of composite molecule, « 
opposite sides of a porous membrane; 

F*. 4 .how. an example of me detection .y*em accoxdmg to the 

.ctiv^ embodiment of the inv^ 

20 by addition of magnesium ions; 

r,,. s .hows another example of the detection sy^ accordmg to 
the active** embodiment of the invention wherein the riboxyme » 
.ctivated by modification of an inhibitory moiety; 

Fls> 6 showa a detection system in accordance with the transcription 

25 embodiment of the invention; f . 

fig. 7(n) nnd 7(b) show a detection system in accordance with we 
.^emMy emoodiment of the invention; where the recognition sconce of 
the riboxyme hybridize to the sssayed nucleic add sequence (Fig. 7(e)); or 
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where the opened stemp-11 of the ribozyme hybridizes with the aesayed 

trtnimc* (Fig- (b))» 

Fig. 8 show, an example of the catalytic system of the inventmn 

comprising two species of ribozyn.es activated by cross-ligation; 
5 Fig. 9 show, yet another example of the detection system according 

to the activation embodiment of the invention wherein the ribozyme » 
.ctivated by rendering the clcavable sequence single stranded. 

Fig. 10 shows the cleavage results of a detection ^r«cm comprising 

the stem-II open ribozyme of Fig 7(b); 
10 f*. 11 shows the cleavage results of a catalytic system comprising 

the dosed-circle composite molecule of Fig. 2(b); and 

Jig. 12 shows the cleavage results of ribozyme in the presence of 
untreated blood and denaturing agents. 

15 DESCRIPTION OF SPECIFIC EMBODIMENTS 

Catalytic system 

Reference is first msde to Fig. 1 showing one manner of 
constructing the catalytic system of the invention. The catalytic system 
comprise, two species of composite molecules 10 and 11- Composite 
20 molectue 10 comprises one type of labelled ribozynte which wfl be denoted 
ribozyme A (12) linked to an RNA sequence denoted b (13). Composite 
nokcule 11 comprises another type of labelled ribozyme which will be 
denoted ribozyme B (14) and an RNA sequence a (15). Ribozyme B m 
molecule 11 is capable of cleaving sequence b in molecule 10 and 
25 ribozyme A in molecule 10 is capable of cleaving sequence a in mole- 
cule 11. ImtiaUy molecules 10 and 11 arc not able to interacts^ 
immobUized to. distinct site of the reacts Initiation ribozyme 16 

is also capable of cleaving sequence b in molecule 10. 
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U initiation ribozyme is present in the reaction mixture then 
b i. cleaved releasing free ribozyme A (12) to the reaction 
mixmre^ Free ribozyme A (12) is able to diffuse within the reaction " t **^ 
„ cleave molecule 11, thus releasing to the reaction mixture free 
5 ribozymeB(14). Free ritozy me B (14) i. again able to migrate throu^ 
^on ve«el to cleave molecule 10 to release again free ribozyme A (12) 
.no the cycle is repeated again and again in a positWe-fecdbac^ m-rne. 
Since both ribozyme A and B are labelled, detection of either or both m the 
^pen^tant indicate, the presence of initiation ribozyme 16 in the reactum 

10 mixture. _ . . „ 

The following is an example of molecule 10 compmmg a 

ribozyrneU of the type hammerhead linxedto 

UbelW at 3'-end by biotin: (Capital letters: r-0-mcthylated; small 
letters: RNA) 

15 5'CCA cugauga gGCC GAAA GGCc gaa acGUguc CGU AAA- 

The following is an example of molecule 11 comprising 
.nether ribozyme 14 of the type hammerhead which is capable of cle^mg 
.e^ocnceUpxe^mnmleculelO. Ribozyme 14 is linked to sequence 
15 capable of being cleaved by ribozyme 12 of molecule which is then 
bbetel atiur-endby biotin: (Capital letters: 2'-0-»ethylated; small 
letter*: RNA) 

5'-GAG ACQ cugauga gOCC GAAA GGCc gaa acAC guc UGG AAA 

Ahhongh ribozymes A and B arc referred to as different 
ribozymes and sequences, and • preferred to as different sequences, both 
the and sequences may be ac^ In such a case self- 
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cleavage in each molecule 10 or 11 is .voided by linking the ribozyme to 
it. attached sequence in such . proximity which docs not enable cleavage in 
ds, while free ribozymes are able to cleave composite molecules in trans. 
This can be done by linking the ribozyme immediately adjacent to its 
5 potentially cleavable sequence. This is became the ribozyme should be 
spaced from its potentially deavable sequence by several nucletoides for 
efficient cleavage to take place. Therefore, when the ribozyme m the 
composite molecule is linked directly with no spacing to the deavable 
sequence, there is no possibility of cis cleaving and the sequences can be 
10 cleaved only in trans while enabling only cleavage in trans. 

Reference is now made to Fib. 2(a) which shows another 
•Jtenianve wlwe only «»e spedw 

reaction vessel. The catalytic system comprises a single species of 
molecules IT. each coniprismg a ribozyme C (180 ■» • cUuwable 
13 sequence c* (19') The molecule 17' is in the form of a closed circle and 
thus ribozyme 18' is initially inactive. 

If catalyticaily active fetation ribozyme 16' is present in the 
media, it is able to cleave the sequence C and ribozyn>e to become 

active. Open ribozyme 18' can in turn open, by cleavage, additional 
20 composite molecules 17' turning them active. Detection can be carried out 
by using a fluorescent label (F) and Rodamine (Rd). When the two are 
ac^acent aa m the cloeed molecute the lig^ 
is qnenched and when they are s^ 

the light emission of the fluorescent label becomes stronger. 
25 Reference is now made to F»g. 2(b) which shows yet another 

alternative for the catalytic system comprising only a single species of 
composite molecule. Ribozyme 17" has in its core region an extra 
nncleotkJe sequence 18" which renders the ribozyme inactive. At the 
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• . wnckiM cmrop 19 which does not allow 

terminal of the extra sequence is a blocJung gnrop ^ 

roontaneous ligation of the open end. 

Initiation riboxyme 16 , which has the c*alytic actrvrty of 
splicing is capable of both cleaving out extra sequence 18 and blocking 
5 group 19 and then of ligating the free ends to give a functional ribozym* 
pZicmal ribozyme is then capable of splicing other ribozyrnes » the 
rccbon rnediurn causing an amplification of the reaction. Detect** 
according to one option (Option 1) is c^nW out e-entlaUy as described m 
Fig 2(a). but in this ewe. initially the Rodamine (Rd) at the fluorescent 
10 group (F) are separated and only upon activation 

become adjacent, so that active riboxyme is detected by quenching of light 

emission. According to the second ouxte of de^ 

out group comprise free extra and blocking group 19 

carries a detectable label. 
15 Tte ^uges of thence of Fig- 2(b)reside»mavery low 

"noise - level since in order for an inactive riboxyme to become spontane- 
ously active (not in the presence of an innUnon riboxyme) two spontaneous 
occurrences must happen spontaneous cleavage (at a probability of Vrt- 
in 10 mM MgQ at physiological P H and at a tenrperature of 3TQ and 
20 spontaneous ligation (at a probability of 10 W giving a very low 
probability tor spontaneous activation (10 »/min). 

The label attached to either or both ribozymes A, B or C 
(Fig. l)m.yb«anydctecUblelab^kno^ 

. tWe^ent label, » enzyme which in the presence of a substrate » 

25 capable of producing a color reaction, etc 

Rg 3 shows various numners in which the two composite 
molecok. 10 and 11 of the first ermxxHment .re portioned » a. to avoid 
nrutual interaction but a^ 

and con^ molecules- It should be underatood that the same principles 
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npply also to the other manner for constructing the catalytic system of the 
invention, i.e. where only one species of composite molecule is present. 

represented in Fig- 2. 

In Fig. 3(A) molecules 10 end 11 ire immobilized onto distinct 
„d separate rites of the re«*ion vessel 18 while ribozymes 12 and 14 
diffuse freely in the reaction mixture. 

Fig. 3(B) shows molecules 10 and 11 which are immobilized 
onto beads 19 the size of which prevents interaction between said molecules. 
However, free ribozyme 12 and 14 are able to diffuse freely in the reaction 
mixture and interact with the composite immobilized molecules. 

Fig. 3<0 shows another example of separating composite 
molecule, wherein composite molecules 10 and U are attached to charged 
moieties bearing the same charge 37. The electrical rejection between their 
tftached moieties eliminates the possibility of interaction between 
molecules 10 and 11. However, free ribozyme 12 and 14 which are 
essentially uncharged are able to interact with the composite molecule. 

Fig. 3(D) shows yet another example of separating the 
composite molecule. 10 and 11 by placing them atci»ositeeM»sof apewms 
mem btane34 which serves as a sieve, blocking paasage of large 
molecules 10 and 11 while allowing paasage of the smaller free 

ribozymes 12 and 14. 

Another manner for taisurmg that the two composite 
molecules 10 and U do not interact is by the use of blocker molecules 
which are complementary to a specific sequence rendering it double 
stranded. According to this manner, composite molecule 10 comprises a 
blocker molecule which renders the deavable sequence b and part of the 
catalytic region of ribozyme A double stranded. In the partially double 
stranded composite molecule 10. the ribozyme is not active due to the tact 
that hs catalytic region is double stranded. Composite molecule 11 is 
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blocked in a similar mmner. If initiation ribozyri* is present w the reaction 
mixture* it displace* a part of the blocker molecule present on the composite 
molecule 10, and then the initiation molecule is able to cleave sequence b. 
Once sequence b Is cleaved ribozyme A is also rendered active since the 
partially displaced blocker molecule completely falls off composite 
molecule 10 turning its catalytic region to become single stranded and 
active. Active ribozyme A then displaces the blocker molecule of composite 
molecule 11 in a similar manner as described above cleaving the cteavable 
sequence a, turning Ribozyme B single stranded and active. Ribozyme B 
then activates nxrnposite molecule 10 in a simitar manner to the activation 
of the initiation ribozyme described above, and crow activation of the two 
composite molecules can then proceed. 

Reference is now made to Fig. 8 which shows another 
alternative for nMiHr"-*«"g the catalytic system of the invention. The 
15 catalytic system f ttm rrtt " two species of ribozymes 80 and 81 which are 
active when fully assembled but are inactive when separated to their parts 
•0*. 80b and Sis, 81b, respectively. Full rwozyme 80 b capable of ligating 
ribozyme parts 81a and 81b to produce a full and active ribozyme 81. Full 
ribozyme 81 ia capable of ligating ribozyme parts 80s and 80b to produce 
20 a full and active ribozyme 80, so that cross-activation proceeds by cross- 
bgation. 

Initiation ribozyme 86 or 86* is capable of creating a full and 
active ribozyme 80 either by cleaving a full but immobilized ribozyme from 
s kxation wherein h is spatially sefwrated from ribozyine pam 81a and 81b, 
23 for example, in one of the manners specified in Fig. 3 (Fig- 8 top left) or by 
being able to ligate parts 80s and 80b to form the full and active 
ribozyme 80 (Fig 8 top right). 
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DETECTION SYSTEM 

Where the method of the invention is to be used to aid in the 
detection of biomokcnles other than ribozymes, the invention includes also 
a detection system capable of producing catalytically active initiation 
5 ribozyme only in the presence of the assayed molecule. 

Rg. 4 shows one example of the activation embodiment of the 
invention. In this example, the assayed biomolecule is an inunobibzed 
nucleic icid sequence A (41) for example a DNA sequence. Immobilization 
can be carried out in accordance with any method known in the art. for 
10 example, with the aid of a cross-linking agent or by trapping the assayed 
nucleic acid molecule between two porous membranes which permit passage 
of smaller molecules. Where the assayed biomolecule is a protein it can be 
immobilized onto beads carrying appropriate trapping agents, such as 
suitable immobilized antibodies, directed against regions which are not 
15 required for detection, etc Alternatively, the assayed biomolecule can be 
immobilized onto a nitrocellulose sheet and another protein, such as 
albumin, should then be applied onto the nitrocellulose sheet in order to 
■starve all the sheets' vacant locations and avoid, in the next step, non- 
specific absorption. 

20 The detection system al»o comprise* first complex molecule 42 

comprising ribozyme 43. linked to deavable sequence C (44) capable of 
being cleaved by active ribozyme, and further comprises sequence »' (45) 
complementary to the assayed sequence A (41). Ribozyme 43 does not 
self-cleave since molecule 42 is kept in magneshan-less reaction mixture 

25 which eliminates the ribozymes catalytic activity. This can be done, for 
example, by keeping complex molecule 42 in a magnesium-less EDTA- 
containing reaction mixture. 



WO 96/27026 



PCT/OS96/D2380 



-36- 

Aa example of ribozymc 43 linked to the cleavage sequence 
C ' (44) of the type hammerhead (Capital letter: 2'-0-methylated; small 
letters: RNA; over- and underlined: DNA) 

5 ^- ^rAArAGTG OAnGAAAGCC UACguc UGG U ACCU CCA cagauga 
gGCC GAAA GGCc gaa acGUAGU AAA 

Molecules 41 and 42 are allowed to hybridize to give 
immobilized hybrid 46. Free molecules 42 are washed sway, and to the 
10 immobilized hybrid 46 are added magnesium ions in a concentration 
sufficient to activate ribozymes. in the presence of such a concentration of 
inagnesium ion ribozyme 43 is able to cleave sequence c\ thus releasing 
itself to the reaction mixture while leaving immobilized cleaved hybrid 47. 
Free and catalyticalry active ribozyme 43 can serve as the initiation 
IS ribozyme in the catalytic system. 

Fig. 5 shows another example of the activation embodiment of 
the invention. Assayed biomolecule 51, which comprises nucleic add 
acquence A. for example a DNA sequence is immobUized as described 
above. The detection system comprises a second complex molecule 52 
20 5ifmr*«"g ribozyme 53 linked to sequence C (54) which can be cleaved 
by catalytically active ribozyme and sequence a' (55) compkmentary to 
sequence A in the assayed biom ol ecule. The complex molecule also 
comprise* an inhibitory moiety 58 which, while present in its unmodified 
man, inhibits the catalytic activity of ribozyme 53. An example of an 
25 inhibitory molecule is a nucleic add sequence complementary to part of the 
ribozyme. In the presence of such a sequence, the ribozyme folds to an 
inactive three-dimensional form. 

Molecules 51 and 52 are allowed to hybridize to gtve 
immobilized hybrid 56. and free molecules 52 are washed away. To 
30 separate hybrid 56 are added modifying substances which are able to interact 
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with the inhibitory moiety 58 and modify it to an un-inhibiting form. For 
example, where the inhibitory moiety is a nucleic add sequence which 
causes folding of the ribozyme, the modifying substance may be a sequence 
complementary to the inhibitory moiety, which hybridizes and blocks the 
5 inhibitory moiety, thus allowing the ribozyme to refold to its active form. 
Alternatively, the modifying substances may be substances able to remove 
or cleave the inhibitory moiety, thus termirtating its inhibitory action. 
Active ribozyme is then able to cleave sequence c , thus releasing itself 
from immobilized Cleaved hybrid 57. Catalytfcally active tree ribozyme 53 
10 then serves ss the initiation ribozyme in the catalytic system. 

Reference is now made to Fig- 9 which shows another example 
of the activation tnth"*™** of the urvemion. Molecule 91 comprises the 
sequence of the initiation ribozyme 90. attached to sequence c deavable by 
the ribozyme. and to sequence » and b which are capable of hybridizing 
15 with the assayed biomolecole being, for example the assayed DNA sequence 
of molecule 94. Molecule 91 further comprises blocker DNA sequence 92 
which comprises sequence B and C capable of hybridizing to sequences b 
nd c of molecule 91. respectively, to give a *>uble-stranded stractnie. 
Blocker DNA sequence 92 is linked via linker sequence 93. The 
20 ribozyme 90 is not capable of cleaving sequence c since its sequence region 
is double stranded (through hybridization to blocker sequence 92). 

The assayed molecule 94 is then introduced to the reaction 
mixture. If the assayed biomolecule is complementary to a and b of 
molecule 91. then blocker sequence 92 is displaced by the assayed mole- 
25 cule 94 to give hybrid molecule 95. In hybrid molecule 95. the deavable 
sequence c is single stranded enabling the ribozyme to desve it and thus to 
be freed to the reaction mixture as a catalytically active ribozyme 96 which 
serves as the initiation ribozyme in the catalytic system. 
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According to this embodiment conditions such as temperature, 
the length of the part of the recognition biomolecule b which is double 
itrended, etc. must be chosen with care so that the assayed molecule is able 
to displace blocker molecule 92 essentially only if the assayed biomolecule 
5 sequences A and B are perfectly matched to recog n ition sequences a and b. 

Reference is now made to Fig. 6 which shows the transcription 
embodiment of the detection system of the invention appropriate where the 
biomolecule is a nucleic acid sequence. According to this sp ecific 
embodiment a correct DNA template, which eventually brings to the 
10 transcription of initiation ribozyine, is assembled from its parts only in the 
prcacoce of the assayed nucleic scid sequence. The detection system 
comprises a first oligonucleotide molecule 61, being essentially DNA, 
comprising ton 3'->5'; a double-stranded promoter, a sequence R coding 
for the complementary sequence of the initiation ribozyine, a sequence C 
15 coding for a sequence cleavable by a catalytically active ribozyine, and a 
sequence D, complementary to the 5 '-part of the assayed nucleic acid 
sequence. The detection system further comprises second o ligo nu cleotide 
imrlmrlr 62, being essentially DNA comprising from 3'-*5': a s equ en c e Dj 
complementary to the 3'-part of the assayed nucleic acid sequence and a 
20 triggering oligonucleotide template (TRIG). If. assayed nucleic acid se- 
quence 63 is present, and under a ppropri ate hybridization conditions, 
sequence D, of molecule 61 and sequence D, of molecule £2 hybridize with 
sequences D/ and D,\ respectively, of the assayed nucleic add sequence 
to give hybrid 64. 

25 In die presence of transcription system non-template strand 

oligonucleotide 65 is produced, comprising from 3'— *5': triggering 
oligonucleotide sequence trig, d,' and d/ sequences, sequences c' r\ 
complementary with those of the cleavable nucleic acid seq ue nces and the 
initiation ribozyine, respectively. 
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To the reaction mixture are added molecules of back promoior 
construct 66 comprising a single-stranded DNA promoior linked to a 
sequence capable of hybridizing with the oligonucleotide triggering sequence 
TRIG. Under appropriate conditions the back promoter construct 66 
5 hybridizes with molecule 65 to give hybrid 67. In the presence of a DNA 
polymerase the single-stranded promoter is completed to give a functional 
double-stranded promoter in hybrid 68. 

Hybrid 68 can serve, in the presence of transcription reagents, 
as a template for the production of final oligonucleotide transcript 69 
10 comprising from at its 5'-end: an initiation ribozyme sequence r and a 
deavable sequence c capable of being cleaved by ssid ribozyme. 

The ribozyme r cleaves deavable sequence c thus releasing 
itself to the surrounding medium in the form of free ribozyme 70. Free 
ribozyme 70 can serve as the catalytically active initiation ribozyme in the 

IS catalytic system. 

One mode of the assembly embodiment of the invention is 
shown in Fig. 7(a). The detection system comprises assayed 
bkxnokcule 71, comprising a nucleic acid sequence A» A,. In addition, the 
ortrction system comprises a part of a ribozyme 72, comprising otigorro- 

20 deotide sequence m\ complementary to sequence A, and another part of a 
ribozyme 73 comprising oligonucleotide sequence a,' complementary to 
sequence A* The parts of ribozyme 72 and 73 together constitute a 
complete ribozyme if the two parts are assembled. 

If assayed molecule 71 is present in the medium, it can 

25 hybridize to a, of ribozyme part -72 and a, of ribozyme - part 73 bringing 
the two parts together to form functional ribozyme-assayed sequence hybrid 
76, which may serve as an initiation ribozyme in a catalytic system, for 
example, by cleaving molecule 77, which cleavage may be required to 
initiate the amplification cascade in the catalytic system. 
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Anotker mode of the assembly mode of the invention is shown 

in Fig. 7(b). 

Ribozyme 79 of the hammer-head type has been constructed 
in which Stem-n has been shortened to neve only one complementary 
3 nwdeotide(rcia»tedbyom?lm^ 

of the stem have been opened to give arms a and b. Ribozyme 79 is 
capable of hybridizing with sequence 70 to form Steins 1 and m and then 
perform the catalytic activity, tor example, cleavage of sequence 70. 
However, a priori ribozyme 79 is incapable of cleaving the deavable 
10 sequence 70 since its Stem-H is open and inactive. Anns n and b of the 
opened core have been constructed to be complementary to sequences A 
and B of the assayed sequence, for example, DNA sequence 80. 

In the presence of assayed DNA sequence 80, the arms a and b 
of the stnn-II ribozyme 79 are hybridized to the assayed sequence to 
15 produce a fully double-stranded Stem-D and thus the ribozyme becomes 
catalytically active and can serve as an initiation ribozyme in a catalytic 
system where, for example, deavable sequence 70 is part of an enzyme in 
the catalytic system which requires cleavage for its activation. 

20 EXAMPLES 

Example 1: Detection of an assayed nrndeic add sequence using a 
ribozyme with an open stem-II 

Ribozyme HH8 was dissected into two parts at the mop of 
25 stemp-n. Each of the two ribozyme halves of HH8 (HHB-3 and HH8 5) 
has a different additional 17 bases tail sequence complementary to the 
LAMTAR0 DNA target molecule. In the presence of the target, the two 
halves are brought together and form an active ribozyme. mthcLAMTARO 
target the two sequences complementary to the ribozyme halves are 
30 cwrtauom In the other LAMTAR molecules (LAMTAR1 through 
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LAMTAR4) the two sequences axe separated by 1 to 4 non-complementary 
bates respectively. The ribozyme substrate is SB8-24 which contains the 
sequence recognized by HH8. 

(a) Method: 

1. Sequences: 

Oligodeoxyribonudeotides were synthesized on an Applied 
Biosystem 381A DNA synthesizer according to the manufacturer's recom- 
mended protocol. The Ampliscribe kit (Epicenter Technologies) was used 
for all RNA synthesis [c» P] UTP pOOOO/mmolJ was purchased from 
Rotcra Industries Ltd-. Israel. 
DNA i 



10 



15 LAMTAJU: ,,,, v 

25 BiM «i»i|«taiiirmiiy 

RNA transcripts: 



5B-24 taubatn* for HHS): 
3'OCUCACAAUCHXXKnJCCAOUUC3CA 3' 

30 HHB—3 (iHTTynw balf): 

VOCCOACCCTXiAl«iAGGCCC^ 3' 

HRS-5 (ribaeym halO: ^ „ 

35 

2. Preparation of RNA: 

DNA oligonucleotides were synthesized according to (1) above. 
The oligonucleotides were purified by electrophoresis on 15% poryacryl- 
amide 7M urea gel, UV-shadowed sad eluted overnight at room temperature 
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i, WM T*« (PH-7 0). 0,* SDS - 0.1 «* Eto^DNA 

., -20-C off «. MM oUg»-d»Ud« — 
CTAATAC GAC TCA CTA TAG G) itt 20 mM e*ch by » >' ^ 

Sntart »ch«»p«»«. T,™^»*— 

2 .„»- WA. IX Me*. 10 »M 

ATP. CTP ttd OTP. 1 «M UTP. 23 -CI l.»P] W «- U »M M** 

Tte ^ «, mm* f« i k. m yrc m* ft- 5 

Tro^w^pariiMbyclecuopho^^^ 
TOgd . RNA ws toewed by ^oo*^ -^te*. - 

counted in acintjUauon floui (Luma ISC). 

3. Qe*r»f* reaction: 

Reaction. (10 ml) were normally carried out to the pretence 

, of OS pmol nbozyrne. 50 «M Tria-Cl (ph-75). 1 mM Jj*^ 
0.05% SDS and 30 mM MgO, The reaction* were preincobated at 95*C 
for 1 min in older to etitninate ■itemative RNA cwnfonnationa which may 
ha^fonneddnringaton^^C Ttete^w^to*^^ 
talr^aruiatoppedbyaddingadycs^ 

3 10«nMBDTA«dpotonice. Tl* a^ we«c den^ * 8CTC for 5 
min and run on 15% polyacrylamide 7 M urea gel 
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The results of the polyacrylamide gel are shown in Fig. 10. 
Ribozyme without a target did not produce appreciable cleavage. When the 
target was added, enhanced cleavage resulted. The enhancement was 
5 greatest in LAMTAR4 Ribozymes tested. 

Example 2 Catalytic system comprised a closed-circle composite 
mottcvle 

10 The SLS-precursor ribozyme (Rz) is a circular Rz with 11 bp 

long stemp-II. The two recognition arms are connected in tandem with an 
extra cleavage base separating them. Therefore this robozime has no 
activity, but serves as a template for active ribozymes. Once it has been 
cleaved, the "open" ribozyme becomes active (as shown schematically in 

15 Fig. 2(b)). In order to initiate the catalytic system an initiation ribozyme 
must be present Spontaneous cleavage of RNA occurs st a rate of 1 event 
per 10* molecules per minute in 30 mM MgCl, at 3TC. A circular 
ribozyme spontaneously cleaved at the cleavage site becomes active and is 
capable of serving as the trigger. 

20 

(B) Methods 

1. Sequences: 

Oligodeoxyribonudeotides were synthesized on an Applied 
Biosystem 381A DNA synthesizer according to the manufacturer's recom- 
25 mended protocol. The Ampliscribc kit (Epicenter Technologies) was used 
for all RNA synthesis [a* P) UTP [30000/mmoJ) was purchased from 
Rotcm Industries Ltd., Israel. 

The RNA precursor (SLS's) sequences were: 5* GGU CAG 
GAG UCG AA [Recognition arm I] X [Recognition arm ID] CUG AUG 
30 AGA CUG CUG ACC A 3' 
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15 



20 



25 



Preparation or RNA 

Preparation of RNA was conducted as described in Example 



1 above. 



3. Spontaneous cteavng* reaction: 

Reactions (10 xD were nonnally carried out in the presence of 

5 p»»l procure riboryn*(Sl^^ 

„M EDTA (pH-7.5). 0 05% SDS and 300 mM MgO, The reaction, were 
p^bated at 95^ for 1 min » order to eliminate alternative RNA 
contains which may have formed Turin* storage at -2tTC The 
n^tto were imported at 37*C for 1 hour ox overnight and stopped by 
adding a dye solution containing 10 M urea and 10 mM EDTA and put on 
ice. The aunple. were denatured at 80°C for 5 min and run on 15% 
poly aery lamidc 7 M urea gel. 



(b) Results 

Hie results of the polyacryUmide gel are shown in Fig- U. 
A patid of 8 diffaeiit drcnlar rib^ 
30 Toe cascade was initiated, by spontaneous cleavage as described above. As 
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shown in Rg. 1. one of the ribozymes (#313) demonstrated a functioning 
catalytic cascade resulting in amplification in a positive feedback manner. 

E^pte Ul Ribozyme inhibition b, blood and various material. 
5 ,r used lor DNA preparation 

All amplification techniques require a sample preparation step 
to release nucleic adds and eliminate inhibition of the reactions by blood 
component.. Several materials like SDS, phenol and guanidinhan arei«d 
10 m these preparations. An amplification reaction without the need of a 
«aple prep step is to be performed. Ribozyme activity in the presence of 
blood, with and without nucleic acid releasing -gents, -as tested. Both 
RNA-only and modified ribozymes were examined. 

15 (a) Method 

1. OUgpnucteotides: 

Oligodeoxyribonucleotides were purchased from the unit for 
molecular biology of the Haddassa Hospital, Mount Scopus, Jerusalem. The 
modified ribozyme was synthesized by RP1, Boulder» Co. The Ann>l»scnbe 
20 T7 ttanscription kit (Epicenter Technologies) was used for all RNA 
synthesis. [y»P] ATP [6000ci/mmol] mid [a*?] UTP [30000/mmol) were 
paKhucd from Rotem Inch-tries Ltd.. Israel. T4 Polvnudeotide kinase was 
purchased from NEB. Beverly, Ma. 



2. Ribozymes: 



r ^ ft ^ r?itsrW^AAAGCXU ACai»clXK3UA^ 



DS-LS-JUA3-* 5' 

^^OCCCA^UxKXa-KCUAGUAAA 3' 

t— ribonucleotide*; 



30 



UmfCMC- r-0-M«*Y* mom**'*** 
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3. Labdiag of modified rlboxyme: 

50 pinole, of the ribozyme, 10 units of T4 Polynucleotide 
1^ and20^aiY"P] ATP were incubated in IX reaction buffer in a total 
volume of 10 * at 25*C for 1 tar. The reaction was terminated by 
5 incubation at 60°C for 10 minutes. 

4. Preparation of FNAs 

HH8 template DNA oUgonucleotide was purified by electro- 
ptosis on 15% polyacrylamide 7 M urea gel, UV-snadowed and eluted 
10 overnight at room temperature in 0.5 M Tris-Cl (pH-7.5). 0.1% SDS and 
ai mM EDTA. Eluted DNA was precipiuted with 0.1 volume of 3 M 
sodium acetate and 3 volumes of ethanol, ^suspended in 0.1 XTE (1 mM 
Tx»-a pH-7.0 and 0.1 mM EDTA) and stored at -20*C until use. Purified 
ofigonncleotide was annealed to conmtaneataiy aon-template T7 RNA 
15 polymerase promoter oligonucleotide (TAATACGACTCACTATAGG^ in 
20 mM each by incubating at 95'C for 15 seconds and at 70*C 60"C 55*C 
50-C 45*C 4CTC and 37*C for 5 min at each temperature. Transcription 
reaction naxture (50 & contained 2 of annealed DNA. IX reaction 
buffer, 10 mM Dithiothreitol, 2 mM ATP, CTP and GTP, 1 mM UTP, 25 
20 mQ [a» P] UTP and 1.1 mM MgO* The mixture was incubated for 1 hr 
at3rCandthrafor5mmute»at80*Ctodeactrva^ TheRNA 
was precipitated as described. Transcripts were purified by ekctrophoresis 
on 15% polyacrylamide 7 M urea geL RNA was located by autoradiography 
mad eluted as described. Eluted RNA was precipitated as ctocribed, 
25 resuapended in 0.1XTE and counted in scintillation flour (Luma LSC). 

5. Cleavage reaction: 

Reactions (10 *I) were normally carried out in the presence of 
03 pmol modified ribozyme or HH8. 50 mM Tris-Cl (pH-7J). 1 mD 
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. w w 0 ri. l <a of whole blood or 
EDTA (pH-7.a 0.05% SDS.nd*>mM M»^J ^ 

w-.-rf .« 57 W C for 1 hour and stoppeo oy ww* 
n «nic reactions were incubated at 37 uror 

1). Thereacno 10 mM EDTA and put on ice. The 

a dye solution containing 10 M urea ana pojyacrylamidc 
^ were denatured at 80-C for 5 nun and run on 15% polyacry 



7 M urea gel 



15 



0,) Result* wherein 0.5 pmol or 

The results are shown in fig- 

' mesaix m .ample and 1 /d blood was mixed with 
rfbozymes were present in each IP ^ ^ l ^ 

... otnc 4 M guanidine isocyanate or pw»w» 

eiiher 10% SD5 g» to the reaction 

-u M .ted blood sample or the agent alone was eowi 
of each treated oioou ^% SDS, 

activity is not inhibited by enow - 

The results of nbozyme acovpy » »v 

**. The reswa .^vjaaoiofonn whether blood is present or 

035 M guanidine orby ^ of ihc ribozymee. Thee, 
«». Untreated blood degrades ^^^^V^ based detection method 
reeult. show one of the advantages of the ^ o{ m 

rf the invention in that denaturating agents used in the preparauo 
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CLAIMS: 

^ method for detecting the pie*ence °* * 

/ \ n wvmes which are o prior* cataryuw 7 

W • "t^d such that ihcy cermot exert their eatdytrc 

^ " ^^Tthe target of the ribozymes being other 
acthaty on th«r target, the je acti vity on 

riborymes of the catalytic system, their ca y 
•och other ribozyme. causing either: 
10 <» activation of inactive ribozymes, 

them to reach their targets; 

~r tkft catalytic system being » t^B* 

1to taiti«ionia«W«»«» ,,,a * 0,I,eCf ^^^^ 

^ JS-U of the . cn^ge m ^ 

w detectable properties; 

<M connoting the medium with said catalyuc syatem. 

0,) contacung String said catalyticaUy active 

toexentheirc^yuc^mty.w^r^ 

* -nation ribozyme ^^^^ ^ ^ and 

the caulytic system are activated « achw in said properties 

M * detecting said detectable properties, a cnang* 
(d) detecrw* „ n f «, active initiation ribozyme m said 

being an indication of the presence of an active uu 



medhuD* 
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the medium with a catalytic system conrpnamg: 
(») contacting the mcaiuu, 

, fir* and a second ribozyme, both being, 

icily inactive; . Mically active upon the 

catalytic activity of said second ^ c 
ribozyme becoming catalytic*!* »cuve upon catalyU 
of .aid first ribozyme; 
. tt ,e»t one of -id first ox «d second nboz^ 
caulytically active also upon catalytic activny of said 

ribozyme; riboryme cairies • 

at least one of said first or said second nbozyn. 

at iea»» u » v . ^ om er ribozyme 

first and said second nbozyme ad ^ge* said properties 

a-tedma said detectable properties, a cu*u» 
(C> ! roresence of an active initiation ribozyme m said 

being an indication of the presence oi w» 

A method according to Claim 1, comprising. 

the medium w*h a catalytic ^ 
a « composite nucleic acid molecule. 

« . kind capable of cleaving a first cieavw 
ribozyme of »a^c^ einid ^ 

nucleic .cid sequence, linked to a secon 
add sequence, cleavage of said second sequence releases sa* 
2* ribozyme from said first composite molecule; 
r*Lnd composite nucleic acid molecu* compn^- 
A of a kind capable of cleaving said second 

second nbozyme of w» cleavable 
deavablc nucleic acid sequence, linked to 



medium- 
20 3. 

(») 
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. A , 1MCC ^vagc of said first sequence releaws 

- ddC ^ ^ l mfi L second composite mOecalc. 
«-id second ribozyme from saw sw* 

, h first or second dcavable sequences being 
mt least one of said first or sw»»» 

hv said initiation ribozyme; 
*~* "V. »a second co.»po««c ^ 

cunes m ribozyme com- 

«*»«• to" 0 "*"* clemV, » e 
~Wd in t*e other composite molecule; 

How * «— • *«y^>*«*» 

Ubc, inthe owltom Wtotmg ft. presence <* 

cmtmNticttty inactive; 
^tecles of canlyfieally set*. thW ribo*yo«: 

^Hvof^^^n^^-^Utctcts 
. ch»ge to ft. a—* proper** of mi UmU 
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(b) providing conditions suitable for .aid third ribozyme and said 
initiation ribozyme to exert tbeir catalytic activity; and 

(c) detecting said detectable properties, a change in said properties 
being an indication of the presence of an active initiation ribozyme in said 

5 medium- 

5. A method according to Claim 1. comprising: 

(») contacting the medium with a catalytic system comprising: 
a composite nucleic add molecule, comprising a labelled 
ribozyme linked to a deavable nucleic acid sequence in an 
10 orientation or at a location which prevents cleavage of said 

nucleic add sequence by said ribozyme while present in the 
composile molecule, said nucleic acid sequence being 
deavable by said ribozyme when it is piescnt in a free form, 
thereby releasing said labelled ribozyme from said composite 

15 molecule; 

said deavable nudeic add sequence being deavable also by 

said initiation ribozyme; 

aaid composite molecules bemg separated r^ wie another to 
■void contact therein between. 
20 (b) providing conditions which enable ribozyme deavage and 

which allow migration of cleaved ribozymes between said separated 

composite molecules; and 

(c) detecting the presence of released labels, presence of released 
label in the medium indicating the presence of the catalytically active 

25 ribozyme in the medium. 

6. A method according to Claim 4. for detecting the presence m 

a medium of a catalyticaUy active ribozyme having the catalytic activity of 

cleavage comprising: 

(a) contacting the medium with a catalytic system comprising-- 
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a composiic nucleic acid molecule comprising a ribozyme 
which has a deavable nucleic add sequence, said composite 
molecule being in the form of a dosed circle and said 
deavable nucleic add sequence being deavable by the 
5 composite molecule in an open form; 

said deavable nucleic add sequence being deavable also by 
the initiation ribozyme; 

said composite molecule carrying a detectable label which 
changes its detectable properties upon opening of the dosed 
10 composite molecule; 

(b) providing conditions which enable ribozyme deavage and 

migration; and 

(c) detecting for said detectable properties a change in said 
properties being an indication of the presence of catalytically active 

15 ribozyme in the medium. 

7. A method according to Claim 4, for detecting the presence in 

a medium of a cetarytically active initiation ribozyme having the catalytic 

activity of splicing comprising: 

(») contacting the medium with a catalytic system comprising: 
20 « sixth ribozyme having, in a region thereof essential for it* 

catalytic activity, an extra nucleic acid sequence, said nucleic 
acid sequence renders the ribozyme inactive; 
splicing of said extra nucleic acid sequence renders the sixth 
ribozyme active; 

25 said extra nucleic acid sequence is capable of being spliced 

from the composite molecule by said sixth catalytically active 
ribozyme; 

said extra nudeic add sequence is also capable of being 
spHced by catalytically active detectable label; 
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said sixth ribozyme carrying a detectable label which changes 
its detectable properties upon splicing of the extra nucleic add 
s eque n ce. 

(b) providing conditions which allow ribozyme splicing; and 

(c) detecting said detectable properties a change in said properties 
being an indication of the presence of cattlytically active ribozyme in the 
medium. 

8. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are located on opposite sides of a porous 
membrane blocking their passage therethrough while enabling passage of 
first and second free ribozymes. 

9. A method according to Claim 3, wherein the first and second 
composite nucleic acid molecules are immobilized on a substrate. 

10. A method according to Claim 5, wherein each composite 
molecule is immobilized on a substrate. 

U. A method according to Claim 9 or 10, wherein the substrate 

is a bead. 

12. A method according to Claim 3. wherein the first and second 
composite nucleic acid molecules are linked to moieties having the same 
electrical charges. 

13. A method according to Claim 5. wherein each composite 
molecule is linked to a charged moiety, all moieties in the reaction mixture 
having the same charge. 

14. A method of detecting the presence of an assayed biomolecules 
in a test sample comprising the steps of: 

(a) r*n«"* { "g the sample with a detection system under conditions 
which enable production of catalytically active initiation ribozyme essentially 
only if the assayed biomolecules are present in the sample; and 
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(b) detecting the presence of the cata.ytic.lly active initiation 
ribozyme according to the method of any one of Claims 1-5, the presence 
thereof indicting the presence of the assayed biomolecule in the sample. 
15. A method according to Claim 14, comprising: 

(a) providing a first complex molecule comprising: an initiation 
ribozyme under conditions wherein the ribozyme is catalytically inactive and 
. recognition biomolecule capable of specifically recognizing and binding 

said assayed biomolecole; 

(b) contacting said first complex molecule with the test sample 
under conditions which allow binding between said recognition biomolecule 
and amid assayed biomolecule while maintaining the conditions which render 
the ribozyme catarytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation ribozyme 

IS is rendered active; and 

(«) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Oaiins 1-5. the presence 
thereof indicating the presence of the assayed biomolecule in the sample. 
16, A method according to Claim 15, comprising: 

20 (■) providing a first complex molecule comprising: an initiation 

ribozyme, under conditions wherein the ribozyme is catalytically nuctive, 
and a recognition biomolecule capable of specifically recognizing and 
binding said assayed biomolecule, said ribozyme being linked to a deavabk 
nude* acid aeouence capable of being cleaved by a catalytic^ activated 
25 initiation ribozyme, wherein cleavage of said cleavable sequence releasing 
catalytically active initiation ribozyme to the surrounding medium; 

<b) contacting said first complex molecule with the test sample 
under conditions which allow binding between said recognition biomolecule 
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and Hid essayed biomolecuie while maintaining the conditions which render 
the ribozyme catalytically inactive; 

(c) removing unbound first complex molecules; 

(d) providing different conditions wherein the initiation ribozyme 
5 is rendered catalytically active to cause cleavage of said deavablc sequence 

and thus release the initiation riboryme into the surrounding medium; and 

(e) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5. presence 
thereof, indicating the presence of the assayed biomolecuie in the sample. 

10 17 . a method according to Qaim 15, comprising: 

(a) providing a hybrid molecule comprising: an initiation ribozyme 
jinked to a deavable nucleic acid sequence which is capable, when single 
stranded, of being cleaved by the initiation ribozyme. cleavage of said 
deavable sequence releasing catalytically active initiation ribozyme to the 

15 nirrounding medium, the hybrid molecule further comprising a recognition 
biomolecuie capable of specifically recognizing and binding said assayed 
biomolecuie, said deavable sequence and a part of said recognition 
biomolecuie being a priori, double stranded; 

(b) contacting said hybrid molecule with the test sample under 
20 conditions which allow displacement of one strand of the double stranded 

put of the recognition biomolecuie and the deavable nucleic acid sequence 
by an essentially perfectly matched assayed biomolecuie; 

(c) providing conditions allowing for cleavage by catalytically 
active ribozymcs to cause cleavage of single stranded deavable sequence. 

25 thereby releasing catalytically active initiation ribozyme into the surrounding 
medium; tnd 

(d) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5, presence 
thereof, indicating the presence of the assayed biomolecuie in the sample. 
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U. A method according to Claim 15, comprising: 

(a) providing a second complex molecule comprising an initiatka 
ribozyme and a recognition biomotecule capable of specifically recognizing 
and binding said assayed biomolecutes, said ribozyme linked to a cleavmble 

5 nucleic acid sequence capable of being cleaved by analytically active 
initiation riboryme, cleavage of said cleavable sequence releasing catalytt- 
caDy active initiation ribozyme to the surrounding medium, said second 
complex molecule also comprising an inhibitory moiety capable of inhabiting 
the catalytic activity of said initiation ribozyme; 

l0 (b) contacting said second complex molecule with the test sample 

under conditions which allow binding between said recognition molecule and 
«aid assayed biomotecule while maintaining the inhibitory moiety m Us 

inhibiting form; 

(c) removing unbound second complex molecules; 
15 (d) modifying said inhibitory moiety in the bound second complex 

molecules so as to remove its inhibitory effect thereby causing cleavage of 
said cleavable sequence sad releasing the initiation ribozyme into the 

sonounding inecihim; rod 

(a) detecting the presence of the catalytically active initiation 
ribozyme according to the method of any one of Claims 1-5. pretence 
thexeot ii«*c*ting the f 

19. A method according to Claim 15, wherein the conditions in (a) 
are essentially lack of magnesium ions aiuJ step (d) ccon|»is« ac^ to the 
reaction medium inagm^^ 

25 initiation ribozyme catalytically active. 

20. A method according to Claim 14. wherein the assayed 

blowrtecnle is s nucWc acid aeqtie^ 
of. 

(a) contacting the sample with a detection system comprising: 
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a first oligonucleotide molecule having a double-stranded 
promoter, a single-stranded oligonucleotide sequence being 
essentially DNA which is essentially identical with the 
initiation ribozyme sequence; a single-stranded sequence 
5 being essentially DNA which is essentially identical with a 

deavable sequence capable of being cleaved by a catalytically 
active initiation riboryme and a single-stranded sequence 
which is complementary to the 5'-part of the assayed nucleic 
add sequ e nce; 

IQ - a second oligonucleotide molecule having a single-stranded 

sequence being complementary to the 3' -put of the assayed 
nucleic acid sequence and further comprises a tingle-stranded 
triggering oligonucleotide template which can be transcribed 
to give a triggering oligonucleotide sequence, said t ri gge r i n g 

15 oligonucleotide sequence capable, in the presence of a back 

promoter construct and DNA polymerase, to trigger a reaction 
in a transcription system wherein the sequence to which h is 
attached is transcribed; 
0») providing conditions which allow the hybridization of said first 

20 and said second oUgcmudeotide molecule to the assayed nucleic add 
sequence; 

(c) adding a transcription system, under conditions which allow 
transcription, whereby triggering oligonucleotide sequence is transcribed, 
•aid triggering oligonucleotide sequence, in the presence of a back promoter, 
25 DNA polymerase and transcription system and under conditions allowing 
hybridization, DNA polymerization and transcription, brings to transcription 
of a final oligonucleotide transcript comprising initiation ribozyme linked to 
a deavable sequence capable of being cleaved by catalytically active 
initiation ribozyme; 
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(d) Riding conditions which al.ow cleavage of said cleavabk 

3^0, said c^ytically active riboryme. to cause cleavage of sarf 

sequence and thus release itself into the surroundmg med.um and 
deavaWe sequent catalvtically active initiation 

(e) detecting the presence of the cataiyucaiiy 

ribozvme according to the method of any one of Claims 1-5. presence 

^m^ence of the assayed biomolecule in the sample, 
thereof, indicating the presence oi we 

21 A method according to CUim 14. wherein the assayed 

molecule is.nucleic acid aequence and the methc>d comprismg me step. 

(.) incubating the test sample with a detection system comprising: 
. a third composite molecule comprising ^ third smgle-stranoed 
oUgonucteotide sequence being complementary to the 5 '-part 
of the assayed nucleic acid sequence, said third oligonucleotide 
sequence being linked to a part of the initiation riboryme; 
a fourth composite molecule comprising » fourth aingk- 
.ttanded oligonucleotide sequence being complementary to the 
remaining 3-part of the assayed nucleic add sequence, said 
fourth oligonucleotide sequence being linked to a part of the 
initiation riboryme required to complete the riboryme linked 
20 to the third oligonucleotide sequence to give a complete 

initiation riboryme; 
t» providing conditions allowing hybridizaUon of said third and 
^ oUgonucleotide sequences with the assayed nucleic acid sequence and 
which enable assembly of a full initiation riboryme from its parts; and 
25 (C ) detecting the presence of the catalytically active nut»uon 

riboryme according to the method of any one of Claims 1-5 presence 
thereof, indicating the presence of the assayed biomolecule in the «mple. 
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^ according to Claim 14. whexein the assayed 
22. A method accordmg ^ ^ mBtho d comprises the steps 

biom olccuie is a nucleic ac«J .equei.ce and th 

of. . . lK . detection system comprising: 

- a nboryme of the n»» ^^cd and 

wheiem the ianam»s complementmry to 

sequence; 
^ «*«rvme being a priori inactive; 
" tTLd^o singfe-.tr.nded sequences to 

- hybridi.a.on «J^j£* <^ a***i 

eoinptenentnry sequences renow. 



15 



20 



rtbozrme. T** "££^1.111 



25 



lug medium; 
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f fifth riborymc which arc capable of being 
_ two put* of a fifth ribozym -Really active 

^ by the fourth ri**yme » ^ ^ ^ 
^ ribozyme. said fifth ribozyme bemg of a hind cap** 
Ugatingpwtsofafoutthriboxymc; 

JL of a fourth ribozyme which are capable of ben* 
- two parts of a founn cudytically active 

Ugatcd by the fifth riboxymc to give a c. y» 

fourth ribozyme; the two parts 

^ * ***** ^ziCv^ ~> 

^ --.Moil. «W<* «*" nb ° I,W 

which Uto" migi«*» «* 

"""^"^ « o,— * «~a»^ « 

(d) oeiecun* initiation ribozyme m saw 

being » indication of the presence of said mi*. 

wditUn - H. c ^inEtoCUiml.forc^ect^thcprc^m 
24. A "^^^^.^ nlM ^h.vmgthe^tyof 
medium of catalytic^ active initiation ribozyme havmg 

(a) contacting the meoium o{ 

- twop^ofafmribozymew^^^^^ 

^ by a fourth ribozyme to ^£ZZ*> „ 
fifth ribozyme. said fifth ribozyme bemg of amo«P- 
Ugatwgpam of. fourth riboxyme; ^ 

- tTparts of. fourth 

Hgated by a fifth ribozyme u> produce a catalytic* 
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fourth ribozyme; said fourth ribozyme being of a kind capable 
of ligating parts of the fifth ribozyme; 
- either said two parts of the fifth ribozyme oi said two parts of 
the fourth ribozyme arc capable of being ligated byacatalyti- 
cally active initiation ribozyme; 

least one of said fourth or said fifth ribozyme carries labels 
which changes its detectable properties upon ligation; 

(b) providing conditions allowing ribozyme ligation; 

(c) delecting said detectable properties, a change m said imjperties 
bang an indication of the presence of said initiation ribozyme in said 

XBCdftttB* 

25. A kit for use in the method of any one of Claims 1 to 24. 
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